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The pectoral girdles of the following species were studied h|slolog|cally
} 2)

pus , Frostius

(3) L walkeri,

(4) Pipidae: Hymenoch:rus boettgers; (5) Ranidae: Rana syruunca, (6)

Rhinodermatidse: Rhinoderma daruinii. Of the non-ranoid frags, only A.
o °

tgeri and O. b have
i ids (i.c., i
The girdle morphologxzs of G. walkeri and R. darwinii are unique in
anurans. The girdles of B. an a 1. are
nal. n the i and fir-

ters
iisternal girdies suggest they are not homologous.

IINTRODUCTION

Pseudofirmisterny 1s the term describing the pectoral girdles of frogs, other than Ranoi-
dea (te., Dendrobatidae, Hyperoludae, Microhylidae, Ranidae and Rhacophondae sensu
Forp & CaNNAaTELLA, 1993, or Hy lud hylidae, Ramdae, M idae and
Rhacophonidae sensu Vences & GLAw, 2001), having the epicoracord cartilages completely
fused to (1., from anterior to posterior) and not overlapping one another

The following genera of non-ranowd frogs are considered to have pseudofirmusternal
airdles' Bradn cephalus (ncluding Psvllopheyne, KapPLaN, 2002), Atelopus. Frostius, Osor-
nophrene, Atopophrinus, Geobatrachus, Insuetopheynus, Hvmenochurus, Pseudivmenachius
and Rinnodernia (Barrio, 1970, Truis, 19730 Ruiz-CarrANZA & HERNANDE 2-CAMACHO,
1976, LyNcH, 1978, ARDILLA-ROBAYO, 1979 LyneH & RUIZ-CARRANZA. 1982, CANNATEL LA,
1985, 1986; Dt timan & TRUEB, 1985, MyiRrs & FORD. 1986, CannATELLA & TRUEB. 1988:
GRraybraL, 1997, however. see McLacHLAN, 1943, GRirrThs, 1957, 1963; McD1arMID,
1969) The non-ranoid. pseudofirmisternal family Dendrobatidae (Lyncn, 1973, Hav et al ,
1995, Frecer & Hepats, 1998, Viners & Graw, 2000, 2001) was not examined The above
distribution of pseudofirmusterny tn anurans 1s questionable, because only the prdles of
Brachn cephatus ephipprion and Rhmoderma darninu have been examined histologically and
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observations of the pectoral girdle in cleared-and d are mislead-
ing (KAPLAN, 1993).

Generally, it 1s accepted that the character “epicoracoids completely fused and not
overlapping one another” evolved independently in both non-ranoid and ranoid anurans
{(NoBLE, 1926; GRIFFITHS, 1963, DUELLMAN & TRUEB, 1985; FORD & CANNATELLA, 1993),
Moreover, it is thought that this character evolved several times in non-ranoid frogs - viz , n
Insuetophrynus, Rhinoderma and Brachycephatus (GRIFFITHS, 1963: LYNCH, 1978, DUFLLMAN
& Trurs, 1985; ForD & CANNAIELLA, 1993), in the ancestors of Frostus, Atelopus and
Osornophryne (CANNATELLA, 1986: GRAYBIAL, 1997), in Hymenochirus and Pseudhymenocht-
rus (CANNATELLA & TrUEB, 1988), and in Atopophrynus and Geobatrachus (Myirs & Forp,
1986) However, it 1s still unclear if these hypotheses are parsimonious, because there is no
available cladistic analysis of the taxa with this girdle morphology. The character pseudofir-
musterny supported the following monophyletic groups' Bracin cephalus and Atelopus (GRIF-
ATHS, 1963), Brachycephalus and Psyllophryne (FORD & CANNATELLA, 1993), Atelopus,
Frostius and Osornophryne (CANNATELLA, 1986; GRAYBEAL, 1997), and Geobatrachus and
Atopophrynus (MYERs & Forp, 1986).

Herein, I describe the ventromedsal parts of the pectoral girdles of most frogs that have
been described as pseudofirmisternal, along with one having a firmusternal girdle - 1.e., the
pectoral girdles of ranoid frogs having the epicoracoids completely fused (FORD & CANNA-
TELLA, 1993). The descriptions are based on examunation of serial sections which were
prepared to determine, first, whether the examimed frogs have the epicoracoids completely
fused and not overlapping, and second, whether the hypothesis that pseudofirmisterny
evolved several imes from firmisterny 1s consistent with the morphology (i ¢, anatomical
differences between non-ranoid and ranoid frogs). The systematic unplications of these
observations will be discussed

MATERIALS AND METHODS

The midventral parts of the breast shoulder apparatus of sexually mature mdividuals of
the following families and species of frogs were sectioned’ (1) Brachycephalidae Brachn ce-
phalus ephipprm (UMMZ 103568), (2) Bufoidae A relopus subornarus (ICN 15820), Frosturs
pernambucensts (UMMZ 225143), Osornoplirvie bufomformes (ICN 11505), (3) Leptodacty-
hdae  Geobatrachus walkert (ICN 35186). Jmsuetophvius acarprcus (UMMZ 225142); (4)
Pipidae Hymenochirus boetigerr (LMMZ 2297513, (5) Ramdae, Rany svhatica (UMMZ
229752); (6) Rhwinodermatidae  Rhnoderma durv i (UMMZ 143361) The medial part of
the breast-shoulder apparatus was exctsed by cutuing through the procoracoid cartilages.
clavicles and coracoid bones: the epicoracoids and the attached prezonal and postzonal
elements were removed, decalufied (Cal-Ex {I, Fisher Scientific). embedded i parailin
(WLsSNER, 1960), sectioned transversely from the anterior tip of the omosternum to the
postenor tip of the sternum, and stamed with hematoxy in and eosin

h

The names of the muscles of drefopus . Brachncephatus eph Hymeno-
chirs hoetrger 1. Rana syhatica and Rlunoderma darw e follow those 1n TySoN's (1987) and
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KaprLan 79

BeDDARD's (1895, 1908) studies. The muscles of Osornophiryne bufonifornus, Frostius pernam-
bucensis, Insuetophrynus aearpicus and Geobatrachus walker: are designated by numbers, as
myological studies of these taxa are not available. Histological terminology follows that of
FawceTT (1986). Drawings of the girdles of Arefopus furct (KAPLAN, 1994) and Pseudfyine-
nochurus curtipes (DE VILLIERS, 1929) are used mstead of those of 4 subornatus and H
boetrgeri because the latter are not available.

Herein, I consider the epicoracoid cartilages to be the ventromedial elements of the
girdle extending from the level of the clavicles to the coracoids, including the parts lying
medual to the procoracoid shafts (GRIFFITHS, 1963 but see Tyson, 1987 and DUELLMAN &
TruEs, 1985) and the coracoid bones (1., the ossified portion of the embryonic coracoid-
epicoracold cartilage TysoN, 1987, KapLaN, 1993), and anterior to the clavicles (fig. 1): note
that the medial position of the epicoracoids with respect o the procoracoid is assumed
because they are indistinguishably fused in sexually mature mdividuals. 1 consider the
epicoracand horns to be the part of the epicoracoid cartilages that Lie posterior to the

dial part of the ds. “Medal hgament™ refers to the band of dense connec-
tive tissue ventromedial to the epicoracoids. The term “completely fused™ refers to the fusion
of the epicoracotds from their anterior to posterior tips. The term “fused” describes epicora-
coids whose medial ends. or part of them, are umted synchondrotically or by connective tissue
that changes gradually from cartilage, near the epicoracoids, to dense regular connective
ussue, at the midlme. “Indistmguishably fused” 15 used to describe absence of a suture
between the epicoracoids, where “suture” 1s defined as a thin, transverse band of cartilage
with low cell, and high fiber, densities, different coloration, andfor refrective propertics. The
epicoracoids are considered “overlapping” when every part of their medsal ends are aligned
with one another on the vertical axis. The descriptors “left” and “right” refer to the
organism’s left and right sides from the dorsal perspective.

Developmental stages are given accordmg to GosneR (1960) The following abbrevia-
tions are used to designale the collections where the specimens studied are kept: ICN,
Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogota, Colombia;
UMMZ, University of Michigan Museum of Zoology, Ann Arbor, Michigan, USA

RESULTS

BRACHYCEPRAILS EPHIPPIUM

Anteriorly {fig 2, 3A). the epicoracouds (¢) are fused mdistinguishably to one another on
the midline at the feve! of the clavicle (¢]) Slightly posterior (£g 3B). there 1s a suture (su)
between the epicoracoids. Posteriorly (fig. 3C), the cpicoracoids are marked by a shallow
dorsomedial crevice (cr) and a broad ventromed:al keel (k). loose regular connective tissue fills
the crevice, The mr supracosccordenrs (mse) mserts on the ventral keel, medial hgament (ml)
and ventral surfaces of the procoracoids (p). Posterior to the procoracoids tfig 3D, two flat,
expanded coracoids (co) flank the epicoracowds: the medial end of each coracoid has a
cartilagmous core, that 15 mdistinguishable from the epicoracoids. surrounded by a bony
layer Posteniorly (fig 3E). the epicoracords are fiee. the left side of the ventral keel 1s replaced
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anterior process
of keel omosternum
processus uncinatus
procoracoid

clavicle ——~—

coracoid
fenestra

epicoracoid

coracoid

— sternum

Rana sylvatica

Fig. 1.~ The ventral elements of the pectoral girdle of Runa svivatica (adupted from Tyson, 1987)
Dashed mid line medial edge of epicoracords; light gray cartilage; dark geay” loose connective
tissue; white: bone

Source MNHN, Pars



KapLAN 8i

A 5
B C
C D
D E
E F
F -G
G H
H e S
~
SU A B
Brachycephalus ephippium Rhinoderma darwinii
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H
Insuetophrynus dcarpicus Geobatrachus walkeri
Fig 2 Ventral view of the pectoral girdle of Brac/n cephalies epfppuen (adapted from Tysox. 1987),

Rhumoderma darmit (adspted Trom Ci1, 1980), Insuc tophr vnus wearptciss (adapted from BARRIO,
1970} and Gu)/)u/nuluu mllkerl {adapted from ARmLLA RoBAYO, 1979). cl, clavicle; co, coracond e

d horn: p, s, sternum; su, suture. Whue: bone; light gray
carlilage: ddrk ‘gray: area where the coracands and epicoracoids are desorgamzed, A-H transverse
sections corresponcling to those of fig 3-6. A und B m msert: iransverse sections corresponding to
those of fig. 4D-E
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Fiz 3 Hostologial cross sections, m an direction. of the Ll part of the
pectoral g.xdle of anadul Bra e phakes cphippian (8 MMZ 1035681 1 he levels of the sections are
ndicated m fig * o, davile, co. coracond. cr, crevice, dl dorsal Lgament, ¢, epreoracoids, h
eproracond horn K ventral keel.fe. el epi oracord mse,m e arac ordeis, re. right epaoracod.
su, suture: vI, ventral igament
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by dense, regular connective tissue termed the ventral hgament (v) The m supracoracordeus
nserts on the ventral igament. Posteriorly (fig 3F), the right epicoracoid (re) shghtly overlaps
the left epicoracoid (le). The left epicoracoid abuts against the dorsomedial surface of the right
epicoracoid Atthe nudlevel of the coracoids(fig 3G). the left epicoracoid bears a small dorsal
process (dp) that overlaps the right epicoracoid, a dorsal ligament (dl) joins thus dorsal process
to the dorsomedial surface of the nght coracoid. Fach epicoracoid terminates 1n a minute
horn (h) (fig 3H) Them sternoepicoracordews mserts on the posterior terminus of the horn.

Remvonerwa parwing

Anteriorly (fig. 2,4A), the ds (¢) are indist fused at the midhne, The
m. supracoracowdeus (msc) mserts on the ventromedial surface of the clavicles, epicoracoids
and medial ligament (ml). A small ventral keel (k) is present posteriorly (fig. 4B). The
coracaids laterally flank the epicoracords (fig 4C). An oblique suture (su) separates the
epicoracoids (fig 4D) Posteriorly, a triangular notch (n) in the right side of the ventral keel is
filled with loose connective tissue (fig. 4E); the m. supracoracordeus inserts on this connective
tissue, the ventral surfaces of the right epicoracoid and the medial higament. At the level of the
coracoids {fig. 4F), the loose connective tissue in the notch is replaced by cartilage ().
Posteriorly (fig 4G}, each epicoracoid terminates in a horn (rh) that curves posterolaterally.
The horns and the sternum (s) are separated by sutures. Posteriorly (fig. 4H), the m sternoe-
preoracordeus (mse) mserts on the postertor ends of the epicoracoid horns.

INSUETOPHRYNUS ACARPICUS

The anterior epcoracoids are indistinguishably fused to one another at the midle (fig.
2. 5A), but shghtly posteriorly (fig. 5B) the epicoracoids can be distinguished from one
another, each bears a dorsomedual protuberance (dp) There is a distinct dorsomedial crevice
and a rounded, ventromedial keel (k). Muscle { (m1) inserts on the lateral surface of each
epicoracold and Muscle 2 (m2) on the ventrolateral surface and medial igament (ml) The
dorsal crevice is extended ventrally as a sigmoid shape, the dorsal part of the left epicoracoid
shightly overlaps the nght epicoracard (fig. 5C). Muscle 3 {m3) inserts on the ventral part of
the medial higament. In the anterior region of the coracoid fenestra (fig 5D), the epicoracoids
are free; the medial end of the left epicoracoid (le) s wide, and overlaps the right epicoracod
(re) The left side of the ventral keel is replaced by dense, regular connective tissue, the ventral
Tigament (v1), on which muscle 2 inserts. Posteriorly {fig SE), the left epicoracoid 1s triangular
m section and the right epreoracord eliptical, The nght epicoracoid abuts against the ventral
Iigament and dorsal ligament (d) extends between the medial end of the left epicoracoid and
the right epicoracoid Muscle 2 mserts on the ventral ligament and the lateral surface of cach
epcoracord Minede 3 mserts mostly on the medial ligament. At the level of the coracoids (fig.
SF). & gap separates the medial ligament {ml) and the right epicoracoid {re), which overlaps
the left extenstvely The epicoracowds termunate n a pawr of horns (fig. 5G), each of which lies
i alateral sternal groove (sg). Parts of the horns are fused to the sternum A laterally directed
lLigament (1) mserts on the posterior tips of the cpioracoid horns (fig. SHY; a m sternoepico-
racoidens is not evident
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hg 4 Hntological cross sections, n an antero-postenor direction, of the ventromedial part of the
pectoral grdle of Rinodes i dari i (UMMZ 1433611 The fevels of the sections are mdicated m
fig 2 co. coravand, ¢ epicoraconds, b, epreoracord horn, k. heel, ml. medial ligament. mse, i
stpracoracedens, Mse, Be stcrraepieorasodens, L noteh at the nght side of the ventral kel s
sternum; su, suture: %, part of the ventral keel replaced by cartilage
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Histelogieal cros ~ection 10 an antero-postersor direction, of the ventromedial part of the
22251421 TheJevelsof the secions are indicated

¢ epreoraconds, h.epioracod homs, k, keel,

big <
pectoral girdle of fiste tophrues e prete (UMM
g 2 dl dorsal hgament, dp dorsal protuberance
Je Telt epieotacond 11 Leterad Igament. m L mtesce £ 2 mus 2 m3 mscle 3 ol medal ligament

o0, omosternum, re, nght epicoracoid; s, sternum; vl, ventral igament
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GEOBATRACHUS WALKERI

Anteriomedially (fig. 2, 6A), the ids (e} are indistil hably fused to one
another. Muscle 7 (ml) inserts on the lateral and ventral surfaces of the epicoracoids and on
the medial ligament (mi). Posterior to the procoracoids (fig. 6B), the fused epicoracoids bear
a shallow dorsomedial depression. Slightly posteriorly (fig 6C), the coracoids (co} lie lateral
to the epicoracoids, which are separated by a suture (su) marked by a shallow dorsomedial
depression. Muscle I is divided into a wide slip, muscle /a (mia) that inserts on the coracoids,
and a thin slip, muscle 1b (m1b) that mserts on the medial hgament. At the level of the
coracoid shafts (fig. 6D), an ovoid ventral keel (k) is evident. The epicoracoids bear a shallow
dorsomedial crevice; only muscle 1b is evident Shghtly posteriorly (fig. 6E), only the ventral
keel remains. The medial parts of the coracoids are reptaced by a membrane (me). Muscle 1b
mserts on the lateral and dorsolateral surfaces of the keel and on the medial ligament.
Posteriorly (fig 6F), the epicoracoids and medial part of the coracoids are evident and the
ventral keel 1s small. Posteniorly (fig. 6G), the epicoracoids diverge shghtly from one another,
and muscle 3 (m3) inserts on their dorsal surfaces. At the posterior terminus (fig 6H), the
epicoracoids and sternum are mdistinguishably fused; neither epicoracoid horns nor the m.
sternoepicoracoideus is evident.

ATELOPUS SUBORNATUS

Anteromedially (fig. 7A-B), the ids (e) are bly fused to one
another. Posteriorly (fig. 7C), a small, tnangular ventral keel (k) is evident. At the anterior
level of the coracoids (fig. 7D}, the fused epicoracoids are oval in cross section and the m
supracoracordeus (msc) inserts on the medial ligament (ml) and ventrolateral surfaces of the
epicoracolds, them coracoradalis (mer) on their dorsolateral and dorsal surfaces. Posteriorly
(fig 7E), the coracoids laterally flank the epicoracoids, which are represented by two ovoid
elements that are fused medially. The m. rectus abdominis (mra) inserts on the dorsomedial
surfaces of the epicoracoids. At the posterior level of the coracoids (fig 7F), the epicoracoid
horns (h) diverge from one another The horns are fused partially to the sternum (s) and
sternal grooves are evident. The m. sternoepicoracoideus 1s absent.

OSORNOPHRYNE BUFONIFORMIS

Anteromedially (fig. 8, 9A-B), the ds (e) are indist fused to one
another Shightly posteriorly (fig 9C), a suture (su) scparates the epicoracotds and a small,
triangular ventral keel (k) 1s evident Muscle 1 (ml) inserts on the ventral surface of each
clavicle (cl) and the medial higament (ml). Posteriorly {fig. 9D). the epicoracoids bear a
shallow, dorsomedial crevice and a rounded ventromedial keel Muscle I nserts on the
ventromiedial surfaces of the procoracouds, lateral surfaces of epicoracoids and medial
Ligament. At the level of the coracoid fenestra (fig 9E), the epicoracoids are expanded (1e.
bladelike), flat, and shghtly curved Muscle / inserts on the ventral surfaces of the epicora-
cotds and medial igament An oblique suture (su) separates the two epicoracords such that
the left epicoracold bears the ventral keel Between the coracoids (fig 9F). the epicoracoids
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Fig 6 Histological cross section, 1 an antero-posterior direction, of the ventromedial part of the
pectoral girdle of Geoharrachuy wuthert (ICN 35,86) The levels of the sections are ndicated in fig
2 co. coracoid, cr. crevice, e. epicoracolds, k. keel, ml. paocle I, mla, muscle la.mb, pascle 1h, me,
membrane; ml, medial hgament; s, sternum: su, suture.
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Atelopus farci

Fg 7 Ventral view of the pectoral girdle of Aselopus furct (edapled from KAPLAN, 1994) and
nstological cross sections. 1n an antero- posterior direction, of the ventromedial part of the pectoral
gidie of Atelopus suborhatis (ICN 158201 cl, clavicle, co. coracond, ¢, epicoracod, h epieoracord
horns. k. keel. mra, m recuss abdonns, mer, m coracoradiales, ml. medial hgament, mse.
supracoracowdeus; p, procoracoids; s, sternum, su, suture, X, gap Gray cartlage. white bone A-E
corresponding transverse sections of drawmg and photos,
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Osornophryne bufoniformis Rana sylvatica

Atopophrynus syntomopus

Fig 8 Ventral view of the pectoral givdle of Qsarnnphe, ne bufonsforms tadapted from Rut/-CARRANZA
& HiRnanDLz Camacho, 1976), Rana s hatica tadapted lrom Tyson, 197) and Arepophrsmes
sintomopus (adapted Trom Myirs & FORD, 1956) cl, clavicle. co. coracowd. . epicoracord, p.
procotacord. pu, processiny wncmaties, s. sternum . Light gray cartilage, dars gray loose connective
tissue; white: bone. A-H: transverse scctions corresponding to those of fig. 9-10
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Fiz 9 Histologaal cross scctions, 1 an antero posterior direction, of the ventromedial part of the
pectoral girdle of Osersiophr, ne bufonifornas HON 11508) The levels of the sections are ndicated in
fig § co, coracoid. ol, clavicle, . cpworacord, ur. crevice, k., keel, mlmirscle /. ml, medsal hgament,
S, $lernum: su, suture
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are indistingwishably fused and lack both, a ventral kecl and dorsal crevice. Posteriorly (fig.
9G), a suture separates the epicoracoids. At the level of the sternum (fig 9H), the epicoracoids
are indistinguishably fused to this structure. Neither epicoracotd horns nor the m. sternoepi-
coracoideus are present.

Rana svtvarica

Anteriorly (fig. 8, 10A), the ventral keel of the epicoracoids bears a process (kp) that hes
n the biforated base of the omosternum (o). Shghtly posteriorly (fig 10B), the anterior
protuberance {pu) of each epicoracoid (1.e., processus uncinatus: FUsCH, 1926) laterally flanks
the omosternum. In postenor sections (fig. 10C), the keel process is joined with the processus
uncmatus Near the anterior levels of the coracoid fenestra (fig 10D), the epicoracoids bear a
dorsomedial crevice (cr). The m supracoracodens (msc) mserts on the ventral keel and the m
coracoradialis (mer) on the ventral surfaces of the clavicles. Posterior to the procoracoids (fig.
10E). the coracowds (co} flank laterally the epicoracoids and the epicoracoids are fused
ventrally The . coracoradiaiis inserts on the lateral surface of each coracoid. At the midlevel
of the coracoids (fig. 10F), the epicoracoids are surrounded by bone and, except medially and
ventrally, they are eroded; the ventral keel (k) remains cartilaginous. Posteriorly (fig. 10G),
a suture (su) separates the ventral keel and the epicoracoids. Posteniorly (fig 10H), the
ventral keel s replaced by the sternum (s) which 1s united synchondrotically wath the keel. The
posterior termint of the epicoracoids diverge as horns (h), which are surrounded by bone
and fused to the dorsolateral parts of the sternum and to one another by a dorsal osseous
bridge

HYMENOCHIRUS BOETTGERI

Anteromedially (fig 11A-B), the ids (e) are ind hably fused to one
another. At the antenior level of the coracoid fenestra(fig. 11C), the epicoracosds are wide, flat
and expanded in cross section. The m coracoradiadis (mer) mserts on the lateral and ventro-
lateral surfaces of the epicoracoids. At the midlevel of the coracoid fenestra (fig 11D), the
epicoracoids are narrower Postertor to the coracouds (fig. 11E), the epicoracords diverge
laterally as two cpicoracotd horns. These horns have densely packed chondrocytes and are
fused to the sternum (s). The m. sternoepicoracordeus is absent.

FROSTICS PERNAMBUCENSTS

Anteromedially (fig 12A), the epicoraconds (¢) are mdistingutshably fused 10 one an-
other. Muscle 1 (m1) inserts on the ventromedial surface of each clavicle (¢l) Posteriorly tfig.
{2B). a sulure scparates the epicoracowds Posterior to the procoracows (lig 12C), the
epicoracotds are small and ovord m sections and bear a dorsomedial depression Mesdle 1
inserts on the lateral, dorsolateral and ventrolateral surfaces of the epicoracoids and medial
ligament (ml) At the level of the coracoid (fig 12D), the s recaus abdonunns (mra) inserts on
the dorsomedial surface of the epicoracoids. Posteriorly (fig [2E). the cpicoracoids horns
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Xp
(left)

big 10 Histological cross scction, in an antero posterior direction, of the ventromedial part of the
pectoral gardle of Runa srhatica (UMMZ) The levels of the sections are indiated n fig. b, bone,
<o, coracowd; cr, crevice, ¢, epicoracaid, h, epicoracord horn, &, keel, kp. keel process, mer, ar
coracoradsalis, msc, im. supracorcordets: o, OMOSICIUIM P Processts W1 res, 5, skernum, su,
suture.
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Hymenochirus curtipes

—

%{i‘%

Fig 11 Ventral view of the pectoral girdle of Himcsochtries curipes tadapted from Di VitLurs. 1929)
and histologieal Lross secLon, In dn antero postenior direction, of the ventromedial part of the
pectoral girdle of Hymenochiras hoertecr (UMMZ) cl, elavicle: co, coracord e, epicoracord, h
epworacord horn, mer mr coracoradain, p, procoracoid, s, sternam Gray cartilage. white bone
A-D. correspondmg cross sections of drawing and photos.
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Fig 12 Hitological cross section, m an antero-posterior direction, of the ventromedial part of the
pectoral giedle of Frostius permanbucensis (UMMZ 225143), cl. clavicle, ¢, epicoracoid. b, epicora
cord horn, m, muscle 1, mea, m. recius abdopimis, mi, medial hgament, s, slernum. su, suture, x. gap.
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diverge from one another. The sternum and horns, which have different coloration and cell
densities, are fused to one another Posteriorly (fig 12F), gaps separate the horns and sternum.
The m. sternoepicoracoideus is absent.

Discussion

Of the pectoral girdles studied, only those of Avelopus subornatus, Frostius pernambu-
censis, Hymenochirus boetigeri, Osornopliryne bufoniformis and Rana svlvatica have com-
pletely fused, non-overlapping Howevcr, the ds of each of these taxa,
except O buforifornus, diverge shghtly from one another posterior to the coracoids and, thus,
are not fused throughout their entire lengths. The condition m Aropophrynus and Psewdhy -
menochirus is unknown The epicoracoids of Gevobairachus walkert are completcely fused and
not overlapping except for a small arca at the level of the coracord shafts. At this level, the
structure of the epicoracoids and medial part of the coracoids is disorgamzed: this morphol-
ogy is unique in anurans.

In Rhinod. darwmu, the epi are il o ly fused and not overlap-
ping anterior to the midlevel of the coracoid fenestra. but fused (1., through their overtap-
ping surfaces, rather than the medial ends) and overlapping posterior to this level. GRIFFITHS
(1957, 1963) considered the overlap of the epicoracoids to start posterior to the coracoids,
whereas KaPLAN (1993) thought that 1t started at the posterior level of the procoracoids. The
overlap of the epicoracoids is evident in froglets (stage 46) (KAPLAN, 1993}, however. in
sexually mature individuals, 1t 1s evidenced only by the presence of an obhque medial suture
and a free (1e., unfused) medial epicoracoid marg (fig. 2A-B) The girdle morphology m
which the epicoracoids are fused and overlapping m the same cross section, and where the
fused parts are their overlapping surfaces, rather than their medial ends, is umque 1n anurans

In Brach cephalus epluppran, the epicoracoids are fused without overlap from their
antertor 1ps to the postenior level of the coracoid fenestra, postenior to ths level, they are free
(1e.. attached by dense connective tissae) and overlapping The girdle of B ephippuum 15

misternal iz, epl ids fused to. and not overlapping, one another from their
anterior 1ps to a level posterior to the clavicles and free, and overlappmng. posteriorly to this
pomnt (DurLiman & Trues, 1985). However. the girdle of B epiuppium differs from other
araferofirmisternal girdles (e g., Dendrophriuscus, Melanophryaiscus) m having a very re-
duced area where the epi are free and

Trtes (1973) and FORD & CANNATILLA (1993) argued that Brac/cephaius has com-
pletely ossified epeoracoids, this study shows that the epicoracoids are cartilaginous (1e , by
the ds are the carulk remnant of the embryonic coracoid-
epicoracoid cartilage. Fuscr, 1926, Tyson, 1987: Kapian, 1993) Truis (1973) considered
the epicoracoids to be juxtaposed, rather than fused. 1n 8. ¢phipprien My results indicate that
the epicoracaids are fused to one another up to the antenior level of the coracoids, and firmly
attached to one another posterior to this level.

The girdle of Imuctophrinus acarprcis 15 arafcrofirmisiernal. because the non-
overlupping epicoraconds are Tused from their anterior tps to the postenior level of the
procoracoids, They are unfused and overlapping posterior to this level.
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5

The girdles of Atelopus . Frostus p hucensis, i hirus boettgert
and Osornophryne bufonfornus differ from those of Rana syhatica and Hoplobarrachus
chinensis (often referred to as Rana rugulosa, but see KosucH et al., 2001) (KaPLAN, 2000) by
having the most anterior parts of the epicoracoids i contact with one another and indistin-
guishably fused. In R. sydvarica and H. chensts, the anterior epicoracoids (1.e., the processus
uncinarus, because the anterior process of the ventral keel is of sternal origin: KapL AN, 1993)
are free (re., attached by dense connective tissue) and diverging from one another. This
observation is consistent with the hypothesis that psendofirmisterny and firmisterny evolved
mdependently, however, 1t 15 still unknown whether the girdle morphologies of R s)fvatica
and H chnensis are wid d among Ranoidea. The ch stic gudle morphology
known long ago in Hoplobatrachus and related groups (BoLkAY, 1915) and referred to as
“arcizony” (DECKERT, 1938) or “arciferal-like condition™ {TRULB, 1973. 95) 15 a vanant of
firmusterny and has nothing to do with pseudofirmisterny

The girdles of Atelopus subornatus and Hymenochirus boetiger: differ from those of
Frosuus pernambucensis and Osornophry ne bufonifornus by having the epicoracoids indistin-
guishably fused. Dt VILLIERS (1929) incorrectly stated that in Hymenochirus the epicoracoids
are separated by a suture In F g bucensis and O . the epicoracoids are
indistinguishably fused to one another from their anterior tips to the posterior level of the
procoracoids and separated by a suture posterior to this level. These differences are mimimal,
and 1t is stll unknown whether the presence or absence of suture between the epicoracoids 1s
the result of ontogenetic and/or intraspecific vanation, Thercfore, the structural homology of
the girdles of A subornarus, F pernambucensis, H. boetigeri and O bufonifornus 1s equivocal

T found several morphological differences among the girdles of the non-ranoid frogs
studied The epicoracoids are expanded and flat in 1y menochirus boetigers and Osarnophry ne
bufontfornus, but not expanded and ovoid in Frostius pernambucensss and Arelopus suborna-
1us, No muscle inserts on the dorsal and lateral surfaces of the epicoracoids m O bufornifornus,
but they do on the lateral and dorsal surfaces 1n 4. suboraatus and F pernambucensis and in
the lateral surfaces i I hoettgert. In O b i L 4 sulure the d:
asymmetrically whereas this separation is symmetrical 1n £ pernambucensss The systematic
value of these characters 15 unknown.

The hypothesis that pseudofirmisicrny 15 2 synapomorphy uniting Brac/n cephalus and
Atelopus (GRIFHTHS, 1963) and Brachiveephalus and Ps)lophivie (FORD & CANNATELLA,
1993} 15 false because B epfuppini lacks this character. Simlarly, pseudofirmusterny does not
support the monophyly of Gevhatrachus and Atopophey s because Geobatrachus lacks this
character. Moreover, the girdles of these two taxa differ externally, us 1s evident by compari-
son of figures 2 and 8.

The character “epicoracoids completely fused to, and not overlapping, one another™
umites only Atelopus, Frostus and Osornophrine. However. there are morphological differ
ences among their girdles (e g . epicoracoids mdistinguishably fused or partially separated by
a suture, symmetrically or asymmetricaily separated by a suture, expanded or not expanded)
that may be phylogenetically informative.
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REsuMEN

Se E I; ! las cinturas p ales de las especles: Azelo-
pus subornatus, Brachycephalus ephippum, Frostius pernambucensis, Geobatrachus waltkerr,
H)menochirus boettgert, Insuetophrynus acarpicus, Osornophryne bufomformis, Rana s)lva-
tica, Rlunoderma darwini. Dentro de los anuros no ranoideos estudiados, solamente A.
subornatus, F. pennunlm(en:u' H. boetigerty O. bufomformis presentan los cartilagos epico-

dal ionados y sin ¢ (1e., pseudofirmisternia). Las cintu-
ras pectorales de G walkeri y R durwoni son unicas dentro de los anuros. Las cinturas
pectorales de B, ephuppium y I acarprcus son musternales. Las d ias morfolo-

gicas entre las cinturas pectorales firmisternales y pscudofirmisternales sugieren que estas no
son homologas.
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